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@ Process for the production of deuteiated acrylio aoid or deuterated metbacrylic add. 

@ In accordance with the present Invention, there is pro- 
vided a process for the production of deuterated cu^rylic acid 
or deuterated methacrylic acid comprising the exchange of 
hydrogens In acrylic acid or methacrylic acid with deuterh 
urns in the presence of a catalyst The deuterated acrylic or 
methacrylic acid Is very useful as a starting material in the 
production of high quality optical plastic fibers. 



< 




Europilsches Patentamt 
European Patent Office 
Office europten des brevets 



ACTORUM AO 



- 1 - 0 203 588 

PROCESS FOR THE PRODUCTION OF DEUTERATED ACRYLIC ACID 
OR DEUTERATED METHACRYLIC ACID 



1 TECHNICAL FIELD 

This invention relates to a process for the 
production of deuterated acrylic acid or deuterated 
methacrylic acid. 



5 PRIOR ART 

Although methods for the production of deuterated 
methacrylic acid have been hardly known, a method for the 
production of deuterated methyl methacrylate via deuterated 
acetone cyanohydrin has been proposed by the Journal of 

10 Polymer Science 62^, S95 (1962). Thus, method may be 

thought in which deuterated methacrylic acid is obtained 
by the hydrolysis of deuterated methacrylamide which is 
an intermediate in the method. The method consists of 
preparing deuterated acetone cyanohydrin from deuterated 

15 acetone and hydrocyanic, acid, treating this with sulfuric 
acid to form the sulfate of methacrylamide, then hydrolyz- 
ing this sulfate with heavy water to give deuterated 
methacrylic acid. However in this method, the use of 
deuterated starting materials such as deuterated acetone 

20 and heavy water has proven economically unsatisfactory 

because of the large of reaction steps involved. Further, 
as the related prior art, W.J.S. Lockley has set forth 
"Regioselective Deuteration of Aromatic and a, B -unsaturated 
carboxylic acid" in "Tetrahedron Letters" Vol. 23, 3819-3822 
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1 (1982) and also "Regioselective Hydrogen Isotope Exchange 
Labelling of Aromatic and a^B-Unsatuurated Acids" in 
"Synthesis and Application of Isotopically Labelled 
Compounds. Proceedings of an International Symposium 

5 1982" on pages 427-4 28 which was published in 1983. 
Particularly, concerning a,B-unsaturated caxboxylic 
acids, it is disclosed there that B-deuterated a,e- 
unsat:urated carboxylic acids can be obtained using 
rhodixim (III) chloride as a catalyst. In said references, 
10 however, the selective deuterium substitution on the 

position of hydrogen attached to &-C2u:bon of double bond 
is characterized, and it is merely mentioned there that 
poly substitution reaction will very slightly occur only 
in case of crotonic acid and cinnamic acid, but no MAA 
15 is referred to there. However, the present invention 
aims at substitution of hydrogens ^.s many as possible 
in AA or MAA, with deuteriums, which may be attained 
effectively and economically in accordance with the 
method of the present invention. For this reason, an 
20 improved' method involving fewer steps has been sought. 

SUMMARY OF THE INVENTION 

After extensive research on efficient and 
practical methods for the production of deuterated 

methacrylie acid, we discovered a novel manufacturing 

25 process involving the direct siobstitution of hydrogens 



in methacrylie acid with deuterium, which led us ultimately 
to the present invention. 
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1 According to the present invention, there is 

provided a process for the manufacture of deuterated 
acrylic acid or deuterated methacrylic acid comprising 
the substitution of deuterium for hydrogens in acrylic 

5 acid or methacrylic acid in the presence of a catalyst. 

DETAILED DESCRIPTION OF THE INVENTION 

As the deuterium source for the substitution 
of deuteriums for hydrogens in acrylic acid or methacrylic 
acid, heavy water or mixture of heavy water and deuterium 

10 gas may be employed. At least a stoichiometric amount of 
deuterium with respect to the acrylic acid or methacrylic 
acid must be present within the reaction system. 

Referring to the catalyst/ compounds involving 
palladiiun, ruthenium, iridium and/or platintim, for excunple 

15 hexachloroiridic acid, tetrakis (triphenylphosphine) - 

palladium, potassium bromoplatinate^ potassium pentachloro- 
ruthenate, palladium nitrate, potassiiun hexahydroxoplatinate 
and the like are preferred. A mixtiure of two or more 
thereof may also be employed. 

20 Referring to another catalyst, compounds invoving 

rhodium element and other platinum group elements may be 
employed. Preferably, rhodium metal may be supported on 
a suitable carrier such as active carbon or the like. As 
compounds involving rhodixmi element, sodium hexachloro- 

25 rhodate, chlorotris (triphenylphosphine) rhodium, rhodium 
chloride and the like are preferred. As compounds involv- 
ing such platinum group element, there are listed platinum. 
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1 iridiiam, palladiiinir rutheniiam or osuitiitim per se and 

nitrate, chloride, complex compounds or the like thereof, 
and more concretely, hexachloroiridic acid, tetrakis- 
(triphenylphosphine) palladixam, potassixim bromoplatinate , 
5 palladium nitrate, potassium hexahydroxoplatinate , 

potassium tetrachloroplatinate or the like is preferred. 
Where necessary, these compoxinds may also be supported 
on a suitable carrier such as alumina, silica, silica- 
alumina, diatomaceous earth, active carbon, or the like. 

10 The reaction may be conducted either in a gaseous 

phase or a liquid phase, and under the application of 
pressure • To inhibit polymerization during the reaction, 
a suitable polymerization inhibitor such as phenothiazine, 
hydroqxainone or the like may be added as required, 

15 Polymerization may also be inhibited by allowing a small 
amount of oa^gen to be present in the reaction mixture. 



acrylic acid or methacrylic acid is allowed to react with 
the deuterium source, for example heavy water to soibstitute 
20 deuteriums for hydrogens in acrylic acid or methacrylic 
acid. 



out in the presence of a solvent which is stcdble at the 
reaction temperature, for example dimethylacetamide , 
25 dimethyl formamide or the like, and at from room temperature 
to 300*^C, but a temperature from 60 to 200^C is preferable, 
especially preferable from 80 to 150 *C, from the standpoint 
of reaction rate as well as the inhibition of side reactions 



In the case of carrying out the present invention. 



Where necessary, the present reaction is carried 
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1 and polymerization. The reaction time is normally from 
20 minutes to 100 hours. 



deuterated methacrylic acid v/hich can be obtained in 
5 accordance with the present invention may be subject to 
the esterif ication reaction with alcohol, for excimple, 
methylalcohol or deuterated methylalcohol to obtain 
deuterated methyl acrylate or deuterated methyl meth- 
acrylate, respectively, which are used as materials of 

10 low light loss optical plastic fibers. Optical plastic 
fibers made of undeuterated methylmethacrylate or 
undeuterated methyl acrylate are significantly affected 
by the vibration absorption of the C-H bonds at the light 
transmission wavelength, so that it: Is difficult to make 

15 light loss fibers. However, the conversion of the C-H 
bonds to C-D bonds by the deuteration removes the 
influence of C-H vibration absorption, thereby improving 
the light transmission ability of fibers. By this reason, 
the best results may be attained in case that all the 

20 C-H bonds have been converted to the C-D bonds, but even 
in case of a partial deuteration, the effect.s will be 
exerted in response to a degree of deuteration. 

PREFERRED EMBODIMENTS OF THE INVENTION 



25 "parts" signify parts by weight. Analyses were conducted 
by means of a gas chroma tograph and a mass spectrometer. 
The deuteration ratio and the conversion ratio are defined 



The resulting deuterated acrylic acid or 



In the. following Examples, all references to 



as follows: 
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Number of deuterium atoms in 

deuterated acrylic acid or de- 
Deuteration _ uterated methacrylic acid product ^ qq 

ratio Number of hydrogen atoms in acrylic 

acid or methacrylic acid starting 

material 



Number of moles of acrylic acid 
or methacrylic acid reaction 

Conversion _ product x 100 

ratio Number of moles of acrylic acid 

or methacrylic acid chcurger 

Example 1 

8.6 parts of methacrylic acid, 40 parts of 
heavy water, 0.3 parts of hexachloroiridate , and a trace 
of hydroguinone as the polymerization inhibitor were 
placed in a small autoclave and reacted for 24 hours 
at 110 <»C under stirring* After cooling, the reaction 
product was analyzed cuxd found to be deuterated 
methacrylic acid with a conversion ratio of 100% and a 
deuteration ratio of 26%. 

Example 2 

The same process was carried out as in Example 
25 1, except that the 0.3 parts of hexachloroiridate was 

replaced with 0.58 parts of tetrakis (triphenylphosphine) - 

palladium. This gave deuterated methacrylic acid with 

a conversion ratio of 100% and a deuteration ratio of 84%. 



15 



20 
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1 



Example 3 



7.2 parts of acrylic acid, 40 parts of heavy 



water, 1.4 parts of sodixom hexachloroiridate, 22 parts 
of dimethyl acetamide, and a trace of hydroguinone were 
5 placed in a flask fitted with a condenser and reacted 

for 60 hours at 90**C under stirring. This gave deuterated 
acrylic acid with a conversion ratio of 79% and a de- 
uteration ratio of 25% . 

Examples 4-9 

10 These reactions were carried out as in Example 

1 except that as the catalyst there were used 0.38 parts 
of potassivmi bromoplatinate (Example 4), 0.2 parts of 
potassium pentachlororuthenate (Example 5), 0.23 parts of 
. palladium nitrate (Example 6), 0.2 parts of potassium 

15 hexahydroxoplatinate (Example 7) , 2 parts of the catalyst 
of each 1% of palladiism and ruthenium supported on active 
carbon powder (Example 8) or 2 parts of the catalyst of 
each 1% of palladium and rhodium supported on active 
carbon powder (Example 9) and further reaction tempera- 

20 ture and time were changed as shown in the following 
Table. The results are given in the following Table. 
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1 Example 10 

4,3 parts of methacrylic acid, 40 parts of heavy 
water, 0.1 part of sodium hexachlororhodate , 0.1 part 
of potassiiam tetrachloroplatinate and a trace of hydro- 

5 quinone as the polymerization inhibitor were placed into 
a small autoclave and reacted for 24 hours at 100 under 
stirring. This gave deuterated methacrylic acid with a 
conversion ratio of 100% and a deuteration ratio of 65%. 
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WE CLAIM: 

1. A process for the production of deuterated 

acrylic acid or deuterated methacrylic acid comprising 
the exchange of hydrogens in acrylic acid or methacrylic 
acid with deuteritims in the presence of a catalyst. 
5 2. The process according to Claim 1, wherein 

element Cs) of platinum group of the Periodical Table 
or compound (s) containing the same are used as the 
catalyst. 

3. The process according to Claim 2, wherein 
10 compound (s) involving palladium, ruthenium, iridium 

and/or platinum are used as the catalyst. 

4. The process according to Claim 2, wherein 
there are used as the catalyst rhodium or a rhoditmi 
compound, or a combination thereof with element (s) of 

15 platinum group of the Periodical Tad^le or a compound 
thereof - 

5. The process according to Claim 1, wherein 
dimethylacetcutd.de or dimethylformamide is used as a 
solvent medium. 

20 6. The process according to Claim 1, wherein the 

reaction is carried out at a reaction temperature of from 
60* to 200'»C. 



